ABSTRACT Background: Although individual nutrients have been investigated in relation to depression risk, little is known about the overall role of diet in depression. Objective: We examined whether long-term dietary patterns derived from a food-frequency questionnaire (FFQ) predict the development of depression in middle-aged and older women. Design: We conducted a prospective study in 50,605 participants (age range: 50-77 y) without depression in the Nurses' Health Study at baseline (1996) who were followed until 2008. Long-term diet was assessed by using FFQs every 4 y since 1986. Prudent (high in vegetables) and Western (high in meats) patterns were identified by using a principal component analysis. We used 2 definitions for clinical depression as follows: a strict definition that required both a reported clinical diagnosis and use of antidepressants (3002 incident cases) and a broad definition that further included women who reported either a clinical diagnosis or antidepressant use (7413 incident cases). Results: After adjustment for age, body mass index, and other potential confounders, no significant association was shown between the diet patterns and depression risk under the strict definition. Under the broad definition, women with the highest scores for the Western pattern had 15% higher risk of depression (95% CI: 1.04, 1.27; Ptrend = 0.01) than did women with the lowest scores, but after additional adjustment for psychological scores at baseline, results were no longer significant (RR: 1.09; 95% CI: 0.99, 1.21; P-trend = 0.08). Conclusion: Overall, results of this large prospective study do not support a clear association between dietary patterns from factor analysis and depression risk.
INTRODUCTION
According to the WHO, depression is the fourth leading cause of disease burden in the world (1) . Depressive episodes may be recurrent or chronic and have a substantial impact on life functioning. In the United States, the lifetime prevalence of depression is 19.2%, and women are, on average, 1.7 times more likely to have depression than men (2) .
Numerous studies have examined the relation between the intake of individual nutrients or foods and depression. Many of these studies have been cross-sectional, and results have been inconsistent (3) . Some prospective studies have shown that fish (4), folate (5, 6) , and caffeine (7) may each individually reduce risk of depression. Other studies have evaluated the role of polyunsaturated fatty acids (8) (9) (10) , zinc (11) , vitamin D (12) , and other micronutrients with inconclusive results. But the study of the role of individual nutrients is challenging because many nutrients are highly correlated with each other because they may come from the same food sources, and some nutrients can affect the intestinal absorption of nutrients. Therefore, the study of an overall dietary pattern analysis has been recommended to examine the complex relation between diet and disease risk (13) .
Previous studies on the role of diet patterns and depression have been scarce, and, in their majority, cross-sectional studies (14) (15) (16) (17) . To our knowledge, only 3 previous prospective studies have evaluated the role of dietary patterns and depressive symptoms in adulthood (18) (19) (20) , and one previous prospective study evaluated the role of dietary patterns and depressive symptoms in adolescents (21) . Although the study by Sanchez-Villegas et al (18) used the Mediterranean diet score, which is an a priori quality score selected on the basis of previous knowledge (13) , the studies by Akbaraly et al (United Kingdom) (19) and Le Port et al (France) (20) have evaluated the associations between a posteriori dietary patterns and depression, in which diet patterns were selected from the dietary data collected in the specific population by using factor analysis (13) . Overall, these prospective studies reported lower risk of depression with healthier diet patterns; however, all of the studies relied on a single measurement of diet over time.
In the Nurses' Health Study (NHS) 5 cohort, 2 dietary patterns have been selected by factor analysis by using dietary data from food-frequency questionnaires (FFQs) collected every 4 y and previously named prudent and Western patterns. Although the Western pattern, which is high in red and processed meats, has been associated with higher risk of diabetes, breast cancer, and other chronic diseases, the prudent pattern, which is high in vegetables and fruit, has been associated with lower risk of these disorders (22) (23) (24) (25) (26) . To the best of our knowledge, no previous prospective studies of dietary patterns and depression have been conducted in the United States. Therefore, we conducted a prospective study of long-term diet patterns and depression risk in participants in the NHS for whom repeated assessments of both diet and clinical depression were compiled over a total followup of 12 y.
SUBJECTS AND METHODS
The NHS started in 1976 with 121,700 female US registered nurses who replied to a mailed questionnaire about lifestyle factors and medical conditions. This information has been updated every 2 y, with a response rate .90% for each questionnaire cycle. Although dietary information has been collected since 1980, questions regarding antidepressant use were first included in the questionnaires starting in 1996; therefore, we used 1996 as our baseline year. Of the 97,103 women who had completed the 1996, 1998, and 2000 questionnaires, we excluded women who reported antidepressant medication use in 1996 (n = 2052), had a history of physician diagnosed depression in 1996 or earlier (n = 3445), or had severe depressive symptoms on the basis of the 5-item Mental Health Inventory (MHI-5) questionnaires from 1992 or 1996 (MHI-5 score #52; n = 4645). In addition, we excluded women who did not report their depressive status in 1996, 1998, or 2000 (n = 20,587) or with an unknown date of onset of depression (n = 131) as well as participants who had incomplete information on depressive symptoms in 1992 or 1996 (n = 15,638). Thus, our baseline population comprised a total of 50,605 women with complete information from questionnaires from 1996 to 2000 and who were considered free of depression in 1996. The protocol was approved by the Institutional Review Board at Brigham and Women's Hospital.
Dietary assessment
In 1980, participants reported their usual food and beverage intake during the previous year on a 61-item semiquantitative FFQ. In 1984, 1986, and every 4 y since, a similar but expanded 131-item FFQ were sent to these participants. Women were asked to indicate how frequently they consumed a specific portion size of each food item, with 9 possible response options that ranged from never or ,1 time/mo to $6 times/d.
Food items were aggregated into 38 predefined foods groups on the basis of similar nutrient compositions and biological origins. Foods that did not fit into any group or that may have represented distinctive dietary behaviors were left as individual categories (eg, pizza, beer, and tea). We included each type of alcoholic beverage (wine, liquor, and beer) separately as food groups in the factor analysis. Vitamin and mineral supplements were not included in the definition of patterns.
The validity and reproducibility of the FFQ has been evaluated before in a subgroup of participants by using four 1-wk-long diet records completed during the previous year and repeated FFQs 1 y apart (27) (28) (29) . For example, correlation coefficients between the 1986 FFQ and the average intake from diet records in the same year were 0.68 for saturated fat and 0.73 for dietary cholesterol (P , 0.001) (27) . The mean correlation coefficient between frequencies of intake of 55 foods from the 2 FFQs was 0.57 (P , 0.001) (28) .
Prudent and Western dietary patterns
As previously described by Fung et al (22, 23) , 2 major dietary patterns previously named prudent and Western were detectable by using factor analysis with principal components that were based on correlations between predefined food groups. The number of factors retained was determined by an eigenvalue .1 (ie, the factor explains more of the variance in correlations than is explained by a single variable) and the Scree test for each factor. To select uncorrelated factors and more-realistic diets, we used an orthogonal rotation procedure (varimax).
Factor loadings represented correlation coefficients between food groups and particular patterns, where positive loadings represented positive correlations, and negative loadings represented inverse correlations. The factor score for each pattern was calculated by summing observed frequencies of intakes of food groups weighted by their factor loadings. Factor scores for prudent and Western patterns were assigned to each woman according to their adherence to the respective diet pattern. A higher score suggested greater adherence to a certain dietary pattern. Factors scores were standardized to have a mean of 0 and SD of 1.
The validity and reproducibility of this method has been evaluated in a parallel cohort of men (Health Professionals Follow-Up Study) by using data collected with a FFQ and diet records (30) . Correlations between scores for patterns generated from the FFQ and diet records were 0.52 for prudent and 0.74 for Western patterns, whereas reliability correlations between 2 FFQs (1 y apart) were 0.70 for prudent and 0.67 for Western patterns (P , 0.001).
Clinical depression assessment
Participants were first asked about their use of antidepressants in 1996. In 2000, participants were asked if they ever had a physician diagnosis of depression and the year of diagnosis ($1996, 1997-1998, 1999, or 2000) . Information on antidepressant use and physician-diagnosed depression was updated biennially thereafter.
We considered the following 2 definitions for cases with new onset of clinical depression: a strict definition and a broad definition. Under the strict definition, incident clinical depression cases were defined as women who first reported both a clinical diagnosis of depression and use of antidepressants after 1996. Under the broad definition, new cases were women who reported use of antidepressants or diagnosis of depression after 1996. The broad definition was more sensitive but less specific because it further included 1) women who had been diagnosed with depression but do not take antidepressants and 2) women who take antidepressants but did not report a depression diagnosis.
Assessment of other variables
Self-reported information about lifestyle factors including weight, smoking, menopause, use of hormone replacement therapy, education, marital and work status, multivitamin use, and medical events including cancer, high blood pressure, angina, hypercholesterolemia, and diabetes diagnosis was collected as part of the main questionnaires. BMI (in kg/m 2 ) was calculated as weight divided by height squared. In a validation study conducted in a subgroup of the NHS cohort, the correlation between self-reported weight and the average of 2 technician measurements was 0.98 (P , 0.001) (31) . Physical activity information was collected by using a validated questionnaire (32), and metabolic equivalent task hours per week were calculated. Reported participation in community groups, including church, or volunteering was used as a proxy for social activity. Neighborhood socioeconomic status summary scores were estimated from addresses of participants on the basis of information from the US Census about wealth and income, educational levels, and occupation (33) . Total calorie intake was derived from all items on the FFQ.
The MHI-5 score was included in the 1992 and 1996 questionnaires as part of the 36-Item Short-Form Health Survey. This 5-item score was designed to measure psychological stress compared with wellbeing (34) , and included questions about how much of the time (from all of the time to never) over the previous month participants felt 1) nervous, 2) calm and peaceful, 3) happy, 4) down and blue, and 5) so down that nothing could cheer them up. The total score ranged from 0 to 100, whereby a higher score denoted better mental health and a score #52 denoted severe depressive symptoms (33). Although we excluded participants with severe depressive symptoms in 1992 or 1996 from the baseline population, we further considered participants' MHI-5 scores in 1996 for additional adjustment in our analysis to minimize reverse causation (ie, the bias that would occur if subclinical symptoms of depression affected the participant diet).
Statistical analysis
Person-years of follow-up for each participant were computed from baseline to the date of diagnosis of first depression, date of reported start of antidepressant medication, death, end of total follow-up (June 2008) or the last questionnaire received, whichever came first. To assess long-term dietary intakes and reduce the random within-person variation, we used the cumulative average of the diet pattern scores starting in 1984 (ie, when the first expanded FFQ was administered) up to a 2-4-y lag period before the follow-up period ended. For example, dietary scores averaged from 1984 to 1994 were used to predict clinical depression reported on the 1996 questionnaire, and dietary scores averaged from 1984 to 2006 were used for cases reported in the 2008 questionnaire. Similarly, the cumulative average was used for potential confounders BMI, physical activity, and total calorie and caffeine intakes with a 2-4-y lag before the end of follow-up. For women who did not return the FFQ only in specific years, we created an indicator at every cycle of follow-up.
To evaluate the association between dietary patterns and depression risk, we categorized all women into quintiles according to their scores for prudent and Western patterns, whereby the lowest quintile was our reference group. We used Cox proportional hazard models to estimate RRs stratified by age in months and questionnaire cycle and with adjustment for total calorie intake (model 1). In a second model, we adjusted for BMI (quintiles), smoking status (never, 1-24 cigarettes in the past, .24 cigarettes in the past, 1-24 cigarettes currently, and .24 cigarettes currently), physical activity (quintiles), menopause status, use of hormonal replacement therapy (never, past, or current), marital status (married, widowed, separated or divorced, or single), multivitamin use (yes or no), retired (yes or no), participation in community groups (yes or no), caffeine intake (quintiles), and diagnosis of cancer, diabetes, hypertension, hypercholesterolemia, or heart disease (myocardial infarction or angina) as time-varying covariates during follow-up. Additional adjustment for neighborhood socioeconomic status, nurse education, and husband education level did not materially change our estimates, and thus, for parsimony, these variables were not retained in the models. Finally, in the third model, we adjusted for MHI-5 scores in 1996 to further adjust for levels of psychological stress or well-being at baseline (before depression diagnosis or antidepressant use). All models were adjusted for indicators for missing FFQ years. To estimate linear trends, we used Mantel's extension test, whereby the medians for each quintile were modeled as a continuous variable.
In additional analyses to further evaluate clinical depression by report of diagnosis or treatment, we used polytomous logistic regression across 3 mutually exclusive groups to compare 1) women who had a diagnosis of depression and reported use of antidepressants, 2) women who were taking antidepressants only or who had a diagnosis of depression only, and 3) women who reported neither a diagnosis nor antidepressant use (reference).
In sensitivity analyses, we repeated our main analyses by using a longer latency (6-8 instead of 2-4 y) between cumulative intakes and the start of the follow-up period and by further excluding women with an MHI-5 score #65 (n = 7,875), which was a more strict cutoff recommended by Rumpf et al (35) . Finally, we assessed whether the relation between diet patterns and depression varied by age (,60 compared with $60 y) BMI (,25 compared with $25), and smoking status (never compared with ever) by including their multiplicative terms in the multivariable Cox models and applying the likelihood ratio test with a cutoff of 0.05. All statistical analyses were conducted with the SAS statistical package (version 9.2; SAS Institute).
RESULTS
Correlations between food groups and dietary pattern factors in 1994 (ie, the last FFQ administered before the depression follow-up) are presented in Table 1 for those food groups with correlation coefficients .0.30. In 1994, the prudent pattern had higher loadings from fruit (r = 0. Age-and total calorie-adjusted characteristics of the population by quintiles of both patterns in 1994 are presented in Table 2 . Women with high scores of the prudent pattern were older, were more physically active, were more frequent users of multivitamins and hormone replacement therapy, had a higher MHI-5 score at baseline, were more likely to be married and involved in a community group, were less likely to be current or ever smokers, and consumed less caffeine than did women with the lowest scores. In contrast, women with higher scores for the Western pattern were younger, had higher BMI, were less physically active, had a lower MHI-5 score at baseline, had higher caffeine intake per day, were less likely to use or have used hormone replacement therapy, and were more likely to be current smokers than were women in the lowest quintile. In addition, women in the highest quintile for the Western pattern were more likely to be widowed or retired and less likely to use multivitamins and participate in a community group.
At the end of follow-up, 3002 women (6% of the population at baseline) had newly reported a physician diagnosis of depression and the beginning use of antidepressant drugs (strict definition). Under the broad case definition (depression diagnosis or reported antidepressant use), 4411 additional potential cases were identified, for a total number of cases under the broad definition of 7413 women (15% of the population at baseline).
Overall, no significant association was shown between the prudent pattern and strict or the broad definitions of clinical depression after multivariate adjustment ( Table 3) . For the Western pattern (Table 4) , a significant positive association with both the strict and the broad definition of depression was observed in analyses adjusted for age and total calories. However, results for the strict definition were strongly attenuated after additional adjustment for BMI, physical activity, smoking, caffeine intake, and other covariates (models 2 and 3). For the broad definition, significantly higher depression risk in women with the highest Western pattern score persisted after multivariate adjustment (model 2) but not after further controlling the analyses for the MHI-5 score at baseline (model 3).
Results were similar for the subanalysis with the exclusion of women with an MHI-5 score #65 but were slightly attenuated. For example, under the broad definition, women in the highest quintile of the Western pattern had 14% increased risk of depression (model 2: RR: 1.14; 95% CI: 1.00, 1.28; P-trend = 0.02) compared with that for women in the lowest quintile (results not shown in Table 4 ). For the analysis that used a 6-8-y period between dietary assessments and the follow-up period, there were no significant associations between the Western or prudent pattern and depression. Associations between both patterns and depression did not vary by age, BMI, or smoking.
We observed similar results when we used polytomous logistic regression to compare the following 3 mutually exclusive groups: 1) women who reported a diagnosis of depression and antidepressant use (n = 3002), 2) women who reported only a diagnosis of depression or only antidepressant use (n = 4411), and 3) women who did not report a diagnosis of depression or antidepressant use as the reference group (see Table 1 under "Supplemental data" in the online issue). No significant associations were observed for the prudent pattern. For women in the highest quintile of the Western pattern score, there was 20% increased risk for the group who reported only a diagnosis of depression or only antidepressant use (RR: 1.18; 95% CI: 1.03, 1.34; P-trend = 0.01) compared with that for women in the lowest quintile after adjustment for age, total calories, BMI, physical activity, comorbidities, and other potential confounders (model 2). However, this association did not remain significant after adjustment for MHI-5 at baseline (RR: 1.13; 95% CI: 0.99, 1.29; P-trend = 0.07).
DISCUSSION
Over the 12 y of follow-up, we did not observe significant associations between prudent and Western pattern scores and depression risk. Under a broad depression definition, we showed that women who adhered more closely to the Western pattern had higher risk of developing depression after adjustment for BMI, physical activity, and other covariates. However, no association was observed after additional adjustment for psychological stress and well-being scores (MHI-5) at baseline.
Previous cross-sectional studies have observed a significant association between patterns highly loaded with processed foods and depressive symptoms (14, 15) . To our knowledge, only 2 previous prospective studies (19, 20) have evaluated associations between dietary patterns, derived from principal component analysis and resulting from a single dietary assessment, and depression symptoms [on the basis of the Center of Epidemiologic Depression Scale (36)]. In the study by Akbaraly et al (19) a whole food pattern was associated with a lower risk of depressive symptoms whereas a processed food pattern was associated with higher risk (n = 3486). Le Port et al (20) reported healthy and traditional patterns associated with lower risk of depressive symptoms, low-fat and snacking patterns associated with higher risk, and no associations for animal protein and dessert patterns in 3132 women. Both of the previous studies conducted sensitivity analyses to evaluate potential reverse causation (ie, an effect of early depression symptoms in the diet). In the study by Akbaraly et al (19) , after exclusion of participants with depression symptoms or antidepressant use at baseline, the whole food diet pattern was no longer associated with lower risk of depressive symptoms. Similarly in the study by Le Port et al (20) , no significant associations between the healthy pattern and depressive symptoms were observed after exclusion of participants with significant depressive symptoms at baseline. 1 Data are from the most recent measure of diet (1994) before baseline (1996) . All variables were age-and total calorieadjusted except for age. HRT, hormonal replacement therapy; MET-h/wk, metabolic equivalent task hours per week.
2 Mean 6 SD (all such values). 3 Mental Health Index score measured in 1996. A higher score denotes a better mental health. 4 With the exclusion of premenopausal women. In our study, all analyses were conducted in women without significant depressive symptoms, antidepressant use, or a diagnosis of depression at baseline. Moreover, to further address the potential effect of reverse causation, we adjusted our results for the MHI-5 score at baseline (model 3), which markedly attenuated our results. The Western pattern was no longer significantly associated with our broad definition of depression after this adjustment. In a previous study about diet quality and mental health in adolescents, results were also markedly attenuated after adjustment for depressive symptoms at baseline (21) . In an additional sensitivity analysis, we used a stricter cutoff for depressive symptoms (MHI-5 score #65) and excluded 7875 women with moderate to severe depressive symptoms, and our results remained null.
To appropriately examine the association of long-term dietary patterns and development of depression later in life, we used the cumulative average of dietary intakes over a long period of time (10-20 y) and a latency period of 2-4 y between dietary (and covariate) assessments and the follow-up period. In addition, we conducted a sensitivity analysis with a longer latency period (4-8 y) in which no significant associations were observed.
Although we did not find an association between the prudent or Western pattern and depression risk, these patterns have been previously used to investigate the role of diet in several chronic diseases, including diabetes (22) , breast cancer (23), and Parkinson's disease (26) . Moreover, in a subset of the same cohort of women, the Western pattern has also been shown to be significantly associated with high plasma concentrations of inflammatory biomarkers (37) and homocysteine (38) , which have been associated with late-life depression (39) . Thus, a biological effect of both patterns in depression is plausible despite our observation of no association. An advantage of the use of dietary patterns is the potential to detect the combined effects of foods, especially if the individual components of a pattern contribute to only a small amount of risk, as seems to be the case for many of the nutrients associated with depression.
Some limitations in the dietary pattern selection warrant consideration. First, the statistical analysis used to derive dietary patterns involves several arbitrary decisions, including the construction of the food groups and the method of rotation (39) . To address these issues, several sensitivity analyses have been conducted in a parallel cohort of men and similar patterns were identified by including individual food items instead of food groups, retaining 3 instead of 2 factors and using an oblique rotation instead of an orthogonal rotation (30, 40) . Second, diet patterns may differ by sex, race, and geographical area; therefore, our results may not be generalizable to other populations. However similar patterns were shown in nationally representative samples (41).
Because we relied on self-reported data, some misclassification of depression was possible. Therefore, we used 2 definitions for new cases of clinical depression. The stricter definition was more specific because it included only women who reported both a diagnosis of depression and antidepressant use. However, this definition was less sensitive because it excluded women who reported depression diagnosis but were not treated with antidepressants and women who took antidepressants without a physician diagnosis of depression. In contrast, we also analyzed data by using a broader definition that included women who reported antidepressant use or women who reported a diagnosis of depression only. This definition was more sensitive but also likely to have been affected by misclassification of the outcome because it could have included women who were taking antidepressants for reasons other than depression. Other indications for antidepressants in that age group (mean: 62 y at baseline) include chronic pain or pain disorders (42, 43) , which are comorbid with depressive symptoms (44) . Differences in results could have also been a result of the smaller number of cases under the strict definition compared with the broader definition. For both definitions, potential misclassifications were most likely to be independent of the dietary assessment.
Despite these limitations, the data allowed us to investigate the relation between dietary patterns and depression in a large population with repeated measurement of diet collected over a long period of time before the beginning of the disease. In addition, tour our knowledge, this was one of the first studies to examine the association between dietary patterns and depression prospectively. Future studies should further evaluate the role of dietary behaviors and depression risk because they may affect the development of depression as well as the role of potential mediators of this association.
In conclusion, in this large prospective study, we observed no significant associations between long-term dietary patterns from a factor analysis and new onset of depression. Although the study was characterized by a 12-y follow-up period and multiple assessments of diet and depression, more studies are needed to understand these associations.
